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TI Antinociception and side effects of L- and D-dipalmitoylphosphatidyl 
choline liposome-encapsulated alfentanil after spinal 
delivery in rats 

AB Spinal liposome administration in the rat results in an 

allodynia evoked by light touch. It was determined that liposomes 

composed of D- isomer phospholipids were essentially non- toxic. The 

effects of alfentanil encapsulated in liposomes made 

from the natural L- isomer and synthetic D- isomer of dipalmitoyl 

phosphatidyl choline on antinociception, side effects, and algogenic 

behavior was examined Both unilamellar and multilamellar liposomes 

were studied. Rats prepared with chronic intrathecal catheters received 

intrathecal injections of alfentanil (5 or 50 j^g) in saline 

or encapsulated in liposomes composed of either L- or D- isomers 

of dipalmitoyl phosphatidyl choline (DPPC) in unilamellar or multilamellar 

liposome formulations. Antinociception was measured using the hot 

plate test (52.5°). Side effects were measured by catalepsy, 

corneal responses, pinna response, righting reflex, and paw step. 

Allodynia was measured by lightly stroking the animal's back. Intrathecal 

alfentanil in saline or in the liposomes produced a 

dose -dependent increased latency in the hot plate response. Encapsulated 
of alfentanil in the liposomes produced a significant 

decrease in the loss of corneal, paw step and righting reflex and a slight 

decrease in catalepsy and loss of the pinna response. There was no 

significant difference between liposome prepns. in preventing 

side effects. L-Multilamellar-DPPC produced allodynia in 100% of the 

animals whereas significantly less allodynia was observed with the other 

prepns. This study indicates that liposomal prepns. can 

significantly enhance the therapeutic ratio of a lipid soluble opioid 

after spinal delivery. However, the choice of lipids for the formulation 

of liposomes intended for spinal drug delivery must be 

considered since the L- isomer and larger lipid load of multilamellar 

liposomes have a direct spinal effect leading to allodynia. 

Previous studies have in fact shown that spinal lysolecithin can yield 

focal demyelination. 
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TI Antinociception and side effects of liposome-encapsulated 

alfentanil after spinal delivery in rats 
AB We investigated the spinal antinociceptive and supraspinally mediated side 

effects of intrathecal (IT) alfentanil after delivery in saline 

or when encapsulated in liposomes of different lipid 

constituencies in rats. Rats prepared with chronic IT catheters received IT 
injections of alfentanil (1, 3, 10, 30, or 50 ug) prepared in 
either saline or in one of three liposome formulations 

(dipalmitoyl phosphatidyl choline [DPPC] , DPPC containing 20% by weight of 
dipalmitoyl phosphatidyl glycerol [DPPC-DPPG] , or DPPC containing 20 weight 



percent of cholesterol [DPPC-CHOL] ) . Antinociception was measured by 
hot-plate (HP) test (52.5°C). In sep. groups of 
halothane-anesthetized rats, plasma alfentanil concns . were 
measured (2-120 min) after 50 ug IT alfentanil given in 
either saline or liposomes. Antinociception was measured by- 
tail withdrawal upon its immersion in water 52.5°C. Supraspinal 
side effects of the drug were tested by measuring catalepsy and the eye 
blink evoked by touching the cornea. IT alfentanil in saline 
produced a dose -dependent increase in the HP response latency and this 
effect was accompanied by a similar dose -dependent increase in the 
incidence of catalepsy and blockade of corneal responses, indicating a 
rapid supraspinal redistribution. The HP dose- response curve for IT 
alfentanil delivered in liposomes was shifted slightly 
to the right, as compared to saline vehicle, but liposome 

encapsulation totally abolished the side effects that were otherwise observed 
at the highest IT alfentanil dose. The delivery of 
alfentanil in DPPC-DPPG and DPPC-CHOL liposomes, in 

comparison to saline, resulted in a significant delay in peak plasma 

levels, diminished early rostral redistribution of alfentanil, 

and higher spinal cord levels of alfentanil even at 2 h after 

administration. Unexpectedly, in control liposomes (without 

alfentanil), a prominent allodynia (pain behavior evoked by light 

touch) was observed with all three formulations. The study indicates that 

liposomal prepns. can significantly enhance the therapeutic ratio 

of a lipid soluble opioid after spinal delivery. The initial 

findings of allodynia associated with the liposomes, however, 

suggest the need for systematic studies on the behavioral and tissue 

toxicol. of these drugs. 
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TI Liposome- encapsulated opioid analgesics 

AB Liposome- encapsulated opioid formulations and methods 

of use for long-term analgesic activity in animals are provided. 
Liposome-encapsulated oxymorphone was prepared and its 
pharmacokinetics was studied in rats neuropathic pain model. 
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TI Sustained tissue drug concentration following inhalation of 

liposome- encapsulated fentanyl in rabbits 
AB Liposomes are microscopic vesicles that can entrap drug mols. 

Liposomes-encapsulated fentanyl provides sustained drug 

release following pulmonary administration. In this study, the effect of 
encapsulation efficiency (EE) of fentanyl within 
liposomes on the retention of fentanyl within the 
respiratory tract was examined Liposomes with 3 different 

encapsulation efficiencies, 50% EE, 70% EE, were manufactured with radiolabeled 

fentanyl and phospholipid dipalmitoylphosphatidylcholine . The 

prepns . were administered through an endotracheal tube to anesthetized 

rabbits, and the respiratory tracts were removed and analyzed for 

retention of fentanyl and DPPC at different time intervals. 

Increasing the encapsulation efficiency of fentanyl within 

liposomes is shown to prolong the retention of both 

fentanyl within liposomes prolonged the retention of 

both fentanyl and DPPC with the respiratory tract. The 

encapsulation efficiency can be manipulated to design a preparation to provide 

optimal therapeutic plasma fentanyl concns . The unencapsulated 

or "free" drug could act as a loading dose, and the slow, sustained 

release of fentanyl from the liposome depot in the 

lungs could act as a maintenance dose. Thus, this method of delivering a 

potent opioid, such as fentanyl, has the potential for 

clin. use in pain management. 
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TI The effects of intrathecal morphine encapsulated in L- and 

D-dipalmitoylphosphatidyl choline liposomes on acute nociception 

in rats 

AB Liposomes can serve as a sustained- release carrier system, 

permitting the spinal delivery of large opioid doses restricting 

the dose for acute systemic uptake. We evaluated the antinociceptive 

effects of morphine encapsulated in liposomes of two 

isomeric phospholipids, L-dipalmitoylphosphatidyl choline (L-DPPC) and 
D-dipalmitoylphosphatidyl choline (D-DPPC) , in comparison with 
morphine in saline. Sprague-Dawley rats with chronic lumbar 
intrathecal catheters were tested for their acute nociceptive response 
using a hindpaw thermal escape test. Their general behavior, motor 
function, pinna reflex, and corneal reflex were also examined The duration 
of antinociception was longer in both liposomal morphine 
groups than in the free morphine group. The peak 

antinociceptive effects were observed within 30 min after intrathecal 
morphine, L-DPPC or D-DPPC morphine injection. The rank 
order of the area under the effect-time curve for antinociception was 
L-DPPC morphine > D-DPPC morphine > morphine 

The 50% ED was: 2.7 [ig ( morphine), 4.6 (L-DPPC 
morphine), and 6.4 ug (D-DPPC morphine). D-DPPC 
morphine had less side effects for a given antinociceptive AUC 
than morphine. In conclusion, L-DPPC and D-DPPC 



liposome encapsulation of morphine prolonged the 

antinociceptive effect on acute thermal stimulation and could decrease 
side effects, compared with morphine alone. 
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TI Opioid delivery system for pulmonary administration 

AB An opioid formulation for pulmonary administration in the 

treatment or management of pain, a pulmonary drug delivery device containing, 
method of administering, kit containing, and uses of same. The formulation 
contains at least one rapid-onset opioid and preferably also 
contains a sustained-effect opioid to reduce the frequency of 
administration. The invention employs the side effects of the 
opioid formulation to permit patients to self -limit drug intake, 
thereby avoiding toxicity while achieving analgesia. A pharmacokinetic 
and pharmacodynamic model is employed to determine optimum drug formulations 
and optimum parameters for administration. Liposomal 

fentanyl were prepared and administered to volunteers. The concentration 
on was 200 ug/mL on the onset, 300 ng/mL during sustained effect and 
the rate of deposition in the lung was 15-60 ug/min. 
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TI Pain management with liposome- encapsulated analgesic drugs 

AB Liposome -encapsulated opioid analgesic agents 

delivered by the pulmonary route provide local, or systemic analgesia 
superior to that produced by the solution form of these agents administered 



by parenteral (i.v., i.m., or s.c. injection) or oral routes. An 
opioid formulation for inhalation contained fentanyl 

citrate 40, soy lecithin 5000, cholesterol 500 mg, ethanol 5 mL, and 
sterile water to 100 mL. The formulation was administered to healthy 
volunteers through the pulmonary system by inhalation and drug concns . in 
plasma were monitored to show improved bioavailability. 
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Opioid delivery system 

An opioid formulation for pulmonary administration in the 

treatment or management of pain and a pulmonary drug delivery device 

contains at least one rapid-onset opioid and preferably also 

contains a sustained-effect opioid to reduce the frequency of 

administration. The invention employs the side effects of the 

opioid formulation to permit patients to self- limit drug intake, 

thereby avoiding toxicity while achieving analgesia. A pharmacokinetic 

and pharmacodynamic model is employed to determine optimum drug formulations 

and optimum parameters for administration. An example illustrates 

alfentanil and morphine as examples of opioids in the 

two drug model. 
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